Telemedicine can facilitate the examination and diagnosis of patients in locations with lack of resources and medical experts. This paper presents an innovative method and a computer system that allows real-time text, voice and video interaction among participants and data sharing of colonoscopy exams over the Internet. The proposed method implements a medical database which will be further explored using data mining methods. The functionalities and performance of the method were evaluated, in a local network, with the development of a computational system. The results validated the solution showing its applicability in colonoscopy exams.
Introduction
The development of the technological area, in particular, Information Technology and Communication (ICT), has enabled the application of a great diversity of computing resources to aid different areas of knowledge [1, 2] .
The application of such technologies to health care has promoted important contributions and stimulated the development of multidisciplinary research [1, 2, 3, 4] . Due to the application of ICTs in different areas of medicine, it was made necessary the definition of certain concepts related to computer systems, as well as the establishment of standardizations. The main categories of applications defined are Hospital Information System (HIS) [5] , Radiology Information System (RIS) [5] and Picture Archiving and Communication Systems (PACS) [5] . Also, the need for integration and interoperability among these systems has stimulated the development of protocols for this purpose. Some of the well established and widely accepted protocols in health care include Digital Imaging Communications in Medicine (DICOM) [6] and Health Level Seven (HL7) [5, 7] .
In contrast to this progress in research and technology products applied to health care, it is observed that important tasks used for optimization of procedures related to the medical field are not automated or are not widely accessible. These conditions exist mainly due to the lack of appropriate computer resources [5] .
The Laboratory of Bioinformatics (LABI) from the Western Paraná State University (UNIOESTE) in partnership with the Coloproctology Service of the Faculty of Medical Sciences from the State University of Campinas (UNICAMP) has been developing research in the fields of Telemedicine [8, 9, 11] and Intelligent Analysis of Medical Data [10, 12] . Most of these researches aim to facilitate the remote monitoring of patients and medical procedures, as well as to build databases with information about these procedures applying data quality concepts, allowing the application of Intelligent Data Analysis, thus aiding the diagnosis and prevention of specific diseases [30] .
One of such projects is related to the design of a technological solution, classified as HIS and PACS, for the management, following and remote interaction of experts during colonoscopy exams. Furthermore, the solution includes building a structured medical database for the application of data mining methods. With this database it will be possible to provide diagnostic and prevention aid for colonoscopy [9, 13] .
As being part of the project previously mentioned, this paper presents a computer system that communicates with hospital video-colonoscopy equipments implementing the proposed method. The solution allows real-time manipulation and transmission of streams of audio, video and images from medical exams through the Internet [13] . Furthermore, it is possible in situ or remote interaction among medical specialists during exams.
Systems in telemedicine that use audio and video streaming, such as the one proposed in this work, can be evaluated by several criteria such as number of frames per second (FPS) sent and received [16] , audio and video bitrate [16] bandwidth consumption [17] , transmission latency [17] , among others. Therefore, this paper also presents a quantitative performance evaluation concerning the FPS rate of the transmitted and received video. The FPS value represents the number of frames (images) displayed every second, being the attribute responsible for the sense of continuity when viewing a video [16, 17] .
The rest of this paper is organized as follows. The description and analysis of the method is covered in Section 2, where the technologies, the architectural model and the experimental evaluation approach are described. Section 3 presents the results related to the method development and the performance experiments conducted. In Section 4 we discuss the results of the performance evaluation and, finally, Section 5 presents the concluding remarks and future work.
Materials and Methods
The computational system that implements the proposed method was developed following the recommendations from software engineering through the use of a software development process based on prototyping [19] and using the Unified Modeling Language (UML) [20] .
From the domain study and joint meetings with colonoscopy field experts, the system developed included the following functional requirements:
 Private, confidential and secure access to the system and its information;  Maintenance of information related to professionals, patients, exams, institution, medical equipment and auxiliary data;  Resources to capture, store and manage images and videos during colonoscopy exams;  Functionality to export patient data and exams images to DICOM format;  Resources that allow interaction among participants during execution of exams, through text messages, voice and video;  Allowing health care professionals to follow and actively participate in performing colonoscopy exams, even remotely, by capturing and sharing images of examinations with other participants, using browsers (Web Browser) with Internet access;  Provide a simple, functional and friendly computer interface;  Securely provide data from previous exams through browser (Web Browser) and Internet connection;  Development of a structured database that allows access to data and images from colonoscopy exams, allowing application of knowledge discovery techniques.
After defining the requirements and observing peculiarities of the problem, the technologies to be applied in the computational solution were studied and selected. The overall system architecture was projected and a model to evaluate experimental performance analysis was developed. These definitions are presented in the following sections.
Computational Tools
The computer system was developed according to the Model-View-Controller (MVC) pattern [19] using the Java programming language [21] , the JBOSS Application Server 4.2 [22] , the Red5 1 Streaming Server 1.0 RC11, the development framework JBOSS Seam 2.1.2 [23] and the Database Management System (DBMS) MySQL 5.1.42 [24] .
The visual interface of the system was implemented using Flex 4.0 programming language [25] . The interaction and communication between the classes developed in Java and Flex were performed by remote objects and functions available in the Flamingo 2 framework. 
Architectural Model
From the functional requirements listed and the technologies selected, an architectural model was built. The components and logical operation of this model are shown below ( Figure 2 ):  Endoscopic Procedures Room (EPR): is where colonoscopy examinations are performed. In this room there is a Colonoscopy Equipment (CE) and a Local Execution Unit (LEU), ie, a system which function is to acquire and forward the exam's video to the Application Server (AS), located at the Central Management (CM);  Observation and Remote Interaction Units (ORIU): are computers with hardware and software components available to medical experts used to remotely observe, in real time, the execution of colonoscopy exams. Through ORIU it's possible the interaction with other professionals at the EPR and/or at other ORIUs, provided that there is an Internet connection;  Central Management (CM) has the function of managing all the computing resources used on examinations. It consists of the Application Server (AS), the Database (DB), the Images and Video Database (IVD) and the Internal Security Module (ISM), the latter described in [11] . The AS is responsible for access control, reception, management and distribution of audio and video streams between the LEU and the ORIUs. The DB is where data from exams and medical reports are physically stored. The IVD organizes and stores the images and videos of colonoscopy exams. This database will allow, in the future, the application of techniques for intelligent data analysis. Finally, the ISM is responsible for security on users management and policies for data transmission between the LEU and ORIUs;  Internal Network (IN): hardware and software devices used for communication and transmission of data, video, images and audio, within the institution where the exams are performed;  External Security Module (ESM): responsible for the safety and protection against attacks and unauthorized access to the institution's computer where the exam is being held, on behalf of external networks [11] ;
 External Network (EN) (ie, Internet): is the communication network external to the institution, named simply as Internet in this work. Aiming the evaluation of the solution and validation of the proposed method, we carried out an experimental performance evaluation model, which is described in the next section.
Performance Evaluation Model
The experimental evaluation model was designed to perform the validation and the performance analysis of audio and video streaming transmissions over a Gigabit Ethernet 803.3z local network [17] , common in healthcare and education institutions.
The evaluation consisted on collecting and analyzing the sending and receiving rate of frames per second (FPS) of a streaming video broadcasted over the local network. This video represents a real colonoscopy examination and FPS values were collected from different computers connected to the local network. After that, the FPS values obtained were statistically evaluated. The following sections present details of this process, addressing the components and the design of the experimental evaluation.
Components
The experimental model was composed by the following components ( Figure 3 On Table 1 hardware configuration (CPU, RAM and network card) and operating system (OS) of the computers used in the experiments are displayed.
Access to the computer system, on all computers was done through the Mozilla Firefox 18.0.2 browser, with Java 7 U13 virtual machine and Adobe Flash Player 11.5 R502 plug-in.
Experimental Design
As mentioned before, the video used for the experiment was generated by the colonoscope simulator (Digital Camcorder JVC Everio). The Emitter computer was responsible for sending audio and video to the Server, which made the transmission of these flows to the Ethernet and WiFi Clients.
The video considered in the experiment had the following properties:
 Resolution of 1024x768 pixels;  Rate of 25 FPS;  Bitrate of 13000 Kbps;  Transmission quality equal to 100% (without use of compression);  Sorenson Sparcom video codec [26] . The FPS rate of the Emitter computer was considered the control group. Results were organized and analyzed using Friedman nonparametric statistical test and post-test Dunn [27] . In the analysis, we compared FPS values between Emitter, Ethernet and WiFi Client computers, and also the percentage of samples with FPS values lower than 10, ie, the ones with video crashes perceptible to humans [28, 29, 39] .
Results
The computational solution was developed according to the architectural model described in Section 2.2. Figure 4 shows the system's authentication screen (login). Figure 5 shows a screen of the examination following with the available options (setup, record video and capture image) and Figure 6 illustrates the examination analysis screen, as well as information from the respective exam. Columns x (M) and x (A) exhibit the general FPS average and SD of each computer in the morning and afternoon. In Figure 7 , the FPS average rate and its SD are graphically displayed for each computer, considering all executions for each component. Figure 7 . Overall FPS average rate for each computer. Table 3 shows the statistical analysis for morning and afternoon periods, showing the existence of Significant Difference (Diff) p-value (P-value) obtained in comparisons between the Emitter, Ethernet and WiFi computers, considering all samples. Table 4 shows the frequency percentage of seconds that the FPS value was below and above or equal to 10, which is the rate for the limit of human perception [28, 29, 39] . 
Discussion
The focus of most researches in telemedicine involves building databases of exams, allowing doctors to make the diagnosis remotely, but without the possibility of realtime observation of exam's data and interaction among those health care professionals [31, 32, 33, 34] . Other solutions provide remote monitoring of vital signs of patients and equipment data, however, to the best of our knowledge, are not applied to exams with flows of video and audio [35, 36, 37] .
The computational system presented in this work covers the characteristics of HIS and PACS systems and uses the DICOM protocol, a globally accepted standard for handling images and data from medical field [6] . This feature enables interoperability of the solution with various medical equipments. In addition, the following characteristics differ from other developed system [1, 4, 8, 9, 11, 13, 31, 33, 34, 35, 36, 37] :
 It allows access, share and real-time following of remote colonoscopy exams during its realization, with features of video and image manipulation, such as magnification and image capture;  The system enables real-time interaction through audio, video and text messages between medical experts during colonoscopy exams;
 It enables examinations to be performed in locations where there are lack of medical experts without compromising the effectiveness of the procedure, and in many cases, avoiding the need to shift patients to distant cities which have such experts;  It allows medical specialists to work remotely, on the analysis and preparation of reports and diagnostics, during and after the colonoscopy exams;  It deploys standardized mechanisms for management of patient data and examinations for health care areas, building a database of images, videos and data from exams designed for future application of artificial intelligence techniques and data mining.
The developed model requires an Internet connection and is based on a web environment, running from web browsers (common programs for Internet access such as Internet Explorer®, Mozilla Firefox® and Google® Chrome).
This feature allows greater flexibility and access from health care professionals in remote areas, helping to minimize the impact of medical doctors' shortage on further and isolated areas [15] . Furthermore, the architecture of the solution is independent of hardware platform and operating system, facilitating the addition of new features as well as the extension of the solution to other fields of medicine.
The prototype has been validated on Windows and Linux operating systems, using the web browser Mozilla Firefox®. All features involving data transmission between participants, both local and remote, are held in an encrypted manner, ensuring privacy of data and users.
One of the advantages of the system is the use of tools based on open source software, which reduces cost of development, still maintaining an intuitive and friendly interface. For transmission of audio and video streamings it was applied RED5 server, a free software that met the requirements of the application. Future work will analyze the cost benefit of using other streaming servers, such as Wowza 5 and FMS 6 . To validate the developed system and its functionalities, experiments were performed using the experimental model defined in Section 2.3.
It was used a video with resolution of 1024x768 pixels for the experimental evaluation, which is similar to the maximum resolution used in most of the video monitors of the colonoscopes used by health care services. Another decision was to evaluate performance by applying the maximum possible video quality, that is, without use of compression algorithms. The video bitrate was 13000 Kbps, reproducing the value obtained in a real colonoscopy video.
As mentioned before, the considered experimental environment was configured with the characteristics of bandwidth and equipment used in most computer networks present on Education and Research Institutions in Brazil. WiFi network was evaluated because of its increasingly applicability in clinics and hospitals, as it is adaptive and does not require structured cabling [17] . Thus, the objective of the experiments was to evaluate the performance of the method through the variable FPS in order to simulate the precision of the method in real institutional environment.
According to the results it was observed that the Emitter computer, configured to send the video at 25 FPS, generated a lower (23.73) FPS rate. This indicates that there is a loss of about 5%, in the video capture and decode process, but without generating sensitive delays to human perception [29, 39] . This loss is influenced by the Emitter load of receiving, processing and transmitting the video.
Data presented in Table 2 were analyzed in relation to the existence of a statistically significant difference (pvalue < 0.05) between the Emitter, Ethernet and WiFi Client computers.
The analysis of the results showed statistically significant differences (p-value < 0.0001) for all the comparisons among Clients and Emitter, both considering morning and afternoon periods, and all experiments. Exceptions were found at comparison between Ethernet and WiFi clients in all sets (mornings, afternoons and all experiments).
This result indicates that the mean of communication, Gigabit Ethernet and WiFi, did not statistically influenced the FPS rate of the transmitted video.
Overall, the similarity of the experimental results in the morning and afternoon through the local network was an expected result, since in local network connections are established peer to peer on the switch, with no interference or shared bandwidth between concurrent sessions [17] .
According to literature [28, 29, 39] , the rate for the human perception of continuity of a video is approximately 10 FPS. In this sense, it is observed in Table 4 that the Emitter and Ethernet Client computers during over 99% of the experimental time the video was displayed with SPF values above 10. This result demonstrates that the developed solution meets the needs of the application, running on a Gigabit Ethernet network with the video (resolution, bitrate and FPS) and audio (bitrate) characteristics used in the actual health care and research institutions. Networks with these characteristics are common in today health-care institutions such as UNICAMP.
Also in Table 4 it is shown that FPS values to the WiFi Client computer indicates that, nearly 1.8 % of the time, there were perceptible glitches in the experiment's video, namely FPS values below 10. This result was due to the unguided WiFi communication medium used by the WiFi Client computer. In WiFi transmissions delays are inherent in the process of conversion between digital signal and radio waves as well as signal interference caused by communication devices that use radio waves and obstacles on the course [17] . Nonetheless, this demonstrates that the local network statistically reduces transmission performance of video, while not influencing the medical specialist's perception of continuity on the video [39] .
Concluding Remarks
The developed system can be applied to reduce the time of diagnosis and report generation, facilitating the realization of exams in places where there is lack of resources or medical experts. The usability and performance analysis of the architectural and experimental evaluation models demonstrates and validates that the solution meets the functional requirements defined in Section 2. In addition, a particularity of the developed method is that the system's architecture and the use of standardized protocols allow their application in other areas of the medical field.
Performance analysis of other characteristics, such as latency and bandwidth usage, and evaluations of the system with different clients using the Internet comprise further work.
In general, the proposed method is innovative because, besides adding real-time experiment follow, secure transmission, data sharing tests, interaction between experts, it yet allows the construction of a database, in the attribute-value format, consisting of data, images and videos of colonoscopy exams. Intelligent techniques for knowledge discovery will then be applied to this database in order to aid the prediction and diagnosis of diseases in colonoscopy exams.
